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(54) Fuel cell system, method of controlling the same, and vehicle mounted with the same 



(57) A fuel cell (100) can be heated, upon starting 
thereof, by supplying hydrogen gas from a hydrogen 
tank (100) to a hydrogen adsorbing alloy tank (300) so 
as to be adsorbed therein. The hydrogen adsorbing al- 



loy tank (300) adsorbs the hydrogen gas with generation 
of heat. The heat thus generated is transmitted to the 
fuel cell (200) by cooling water circulating between the 
hydrogen adsorbing alloy tank (300) and the fuel cell 
(200), whereby the temperature increases. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The invention generally relates to a fuel cell 
systenri including a hydrogen tank for supplying hydro- 
gen gas and a fuel cell for receiving the hydrogen gas 
and generating electric power, a method of controlling 
the system, and a vehicle mounted with the system. 
More particularly, the invention relates to a fuel cell sys- 
tem capable of controlling the temperature of a fuel cell, 
a method of controlling the system, and a vehicle mount- 
ed witfi the system. 

Description of the Related Art 



[0002] When a vehicle with a fuel cell system includ- 
ing both a high-pressure hydrogen tank and a fuel cell 
is used in, e.g., a cold region in winter, the anrtoient tem- 
perature is so low (e.g., below 0°C) that the fuel cell (e. 
g., electrolyte membranes therein) may possibly be in a 
frozen state before the fuel cell system is started. The 
fuel cell cannot be operated in such a state. Accordingly, 
when the fuel cell system is to be started, the fuel cell 
can be operated only after thawing the fuel cell, i.e., after 
heating the fuel cell to normal temperature (e.g. , 0°C or 
higher). 

[0003] In such a case, the related art employs a meth- 
od of heating the fuel cell orthe cooling water circulating 
therein by using an electric heater or a combustion heat- 
er. 

[0004] The related art also employs the same method 
in the case where the temperature of the fuel cell does 
not rise to a proper temperature even after the fuel cell 
has begun operation. 

[0005] For example, the method using the electric 
heater requires a large-capacity battery to be mounted 
on the vehicle in order to supply electric power to the 
electric heater. 

[0006] In the method using the combustion heater, hy- 
drogen gas (i.e., fuel to be supplied to the fuel cell) is 
supplied to the combustion heater and burnt therein . Ac- 
cordingly, the fuel (hydrogen gas) thus supplied to the 
combustion heater is used only for combustion, not at 
all for generation of electric power in the fuel cell. This 
is a loss of energy from the standpoint of power gener- 
ation. Note that even the method using the electric heat- 
er is subjected to the same problem if electric power 
generated by the fuel cell is accumulated in the battery 
for use in heating the electric heater. 
[0007] It is also possible to entirely wrap the fuel cell 
in a heat insulating material to keep the fuel cell warm. 
In this method, however, the fuel cell can be kept at a 
proper temperature for a certain time after operation of 
the fuel cell is terminated, but the temperature of the fuel 
cell falls to the ambient temperature over time. There- 
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fore, the fuel cell must still be heated to a proper tem- 
perature upon starting of the fuel cell system after a long 
interval of non-use. 

s SUMMARY OF THE INVENTION 

[0008] It is therefore an object of the invention to pro- 
vide a fuel cell system that solves the problenrs of the 
related art described above, and is capable of control- 
10 ling a fuel cell to a desired temperature and efficiently 
using eneigy without requiring a large-capacity battery, 
a method of controlling the system, and a vehicle mount- 
ed with tlie system. 

[0009] In order to achieve at least a part of the above 
15 object, a fuel cell system according to a first aspect of 
the Invention includes a hydrogen tank that supplies hy- 
drogen gas, a fuel cell that receives the hydrogen gas 

an d g e n e r at e s etecl il u power, a li y di u y en a d huf b i n g a l - - 

loy tank that receives and stores the hydrogen gas, and 
20 a heat exchange unit that causes heat exchange be- 
tween the fuel cell and the hydrogen adsorbing alloy 
tank. The hydrogen adsorbing alloy tank has a hydrogen 
adsorbing alloy, and is capable of receiving the hydro- 
gen gas from the hydrogen tank, adsoriaing the received 
25 hydrogen gas in the hydrogen adsorbing alloy, and dis- 
charging the hydrogen gas from the hydrogen adsorbing 
alloy to the fuel cell. The heat exchange unit circulates 
a heat exchange medium to the fuel cell and the hydro- 
gen adsorbing alloy tank and causes heat exchange at 
30 least between the fuel cell and the hydrogen adsorbing 
alloy tank. 

[0010] When a temperature of the fuel cell is equal to 
or lower than a first reference temperature, the fuel cell 
system heats the fuel cell by supplying the hydrogen gas 

3S from the hydrogen tank to the hydrogen adsorbing alloy 
tank so that the hydrogen gas is adsorbed in the hydro- 
gen adsorbing alloy tank with generation of heat, and 
transmitting the generated heat to the fuel cell by the 
heat exchange medium. 

40 [001 1 ] According to the fuel cell system of the first as- 
pect of the invention, the fuel cell is heated in the follow- 
ing manner when the temperature of the fuel cell is equal 
to or lower than the first reference temperature: the hy- 
drogen gas is supplied from the hydrogen tank to the 

45 hydrogen adsorbing alloy tank so as to be adsorbed 
therein. The hydrogen adsorbing alloy causes an exo- 
thermic reaction when adsorbing the hydrogen gas. As 
a result, heat is generated in the hydrogen adsorbing 
alloy tank. The heat thus generated is transmitted to the 

so fuel cell by circulating the heat exchange medium of the 
heat exchange unit in order to raise the temperature of 
the fuel cell. 

[0012] According to the fuel cell system of the first as- 
pect of the invention, the fuel cell can be heated to a 
S5 desired temperature when the temperature of the fuel 
cell is equal to or lower than the first reference temper- 
ature. Therefore, even when the fuel cell system is used 
in, e.g., winter and the fuel cell is frozen due to an ex- 
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tremely low ambient temperature before the fuel cell 
system is started, the fuel cell can be heated to a normal 
temperature upon starting of the fuel cell system. In oth- 
er words, the fuel cell can be operated after being heat- 
ed enough to be thawed. 

[0013] Moreover, the fuel cell is heated with the heat 
generated when the hydrogen gas is adsorbed in the 
hydrogen adsortaing alloy tank. This eliminates the need 
for an electric heater and a combustion heater as used 
conventionally, and thus eliminates the need for a large- 
capacity battery. 

[0014] A fuel cell system according to a second as- 
pect of the invention includes a hydrogen tank that sup- 
plies hydrogen gas, a fuel cell that receives the hydro- 
gen gas and generates electric power, a hydrogen ad- 
sorbing alloy tankthat receives and stores the hydrogen 
gas.- and -a heat-exchan§e-unlt-that-€auses-h Gat ox - 
change between the fuel cell and the hydrogen adsorb- 
ing alloy lank. The hydrogen adsorbing alloy lank has a 
hydrogen adsorbing alloy, and Is capable of receiving 
the hydrogen gas from the hydrogen tank, adsorbing the 
received hydrogen gas in the hydrogen adsorbing alloy, 
and discharging the hydrogen gas from the hydrogen 
adsorbing alloy to tiie fuel cell. The heat exchange unit 
circulates a heat exchange medium to the fuel cell and 
the hydrogen adsorbing alloy tank and causes heat ex- 
change at least between the fuel cell and the hydrogen 
adsorbing alloy tank. 

[0015] When a temperature of the fuel cell is higher 
than the first reference temperature and equal to or low- 
er than a second reference temperature, the fuel cell 
system allows the fuel cell to use the hydrogen gas for 
power generation by supplying the hydrogen gas from 
the hydrogen tank to the fuel cell, and heats the fuel cell 
by supplying the hydrogen gas from the hydrogen tank 
to the hydrogen adsorbing alloy tank so that the hydro- 
gen gas is adsorbed in the hydrogen adsorbing alloy 
tank with generation of heat, and transmitting the gen- 
erated heat to the fuel cell by the heat exchange medi- 
um. 

[0016] According to the fuel cell system of the second 
aspect of the invention, the fuel cell is heated in the fol- 
lowing manner when the temperature of the fuel cell is 
higher than the first reference temperature and equal to 
or lower than the second reference temperature: the hy- 
drogen gas is supplied from the hydrogen tank to both 
the fuel cell and the hydrogen adsorbing alloy tank. The 
fuel cell uses the received hydrogen gas for power gen- 
eration. The hydrogen adsorbing alloy tank adsorbs the 
received hydrogen gas with generation of heat. The heat 
thus generated is transmitted from the hydrogen ad- 
sorbing alloy tank to the fuel cell by the heat exchange 
medium in order to raise the temperature of the fuel cell. 
[0017] According to the second aspect of the inven- 
tion, when the temperature of the fuel cell is higher than 
the first reference temperature and equal to or lower 
than the second reference temperature, the fuel cell can 
be heated to a desired temperature during operation of 



the fuel cell. Therefore, for example, when the fuel cell 
is not frozen but the temperature thereof is not high 
enough, the fuel cell can be rapidly heated with the heat 
generated by the fuel cell itself and the heat transmitted 
5 from the hydrogen adsorbing alloy tank. 

[0018] A fuel cell system according to a third aspect 
of the invention includes a hydrogen tank that supplies 
hydrogen gas, a fuel cell that receives the hydrogen gas 
and generates electric power, a hydrogen adsorbing al- 
10 loy tank that receives and stores the hydrogen gas, and 
a heat exchange unit that causes heat exchange be- 
tween the fuel cell and the hydrogen adsorbing alloy 
tank. The hydrogen adsorbing alloy tank has a hydrogen 
adsorbing alloy, and is capable of receiving the hydro- 
's gen gas from the hydrogen tank, adsorbing the received 
hydrogen gas in the hydrogen adsorbing alloy, and dis- 

charging the4^ydrogen gas from th e hydrog e n ad s orb ing- 

alloy to the fuel cell. The heat exchange unit circulates 
a heal exchange medium to the fuel cell and the hydro- 
20 gen adsorbing alloy tank and causes heat exchange at 
least between the fuel cell and the hydrogen adsorbing 
alloy tank. 

[0019] When the temperature of the fuel cell is higher 
than a fourth reference temperature, the fuel cell system 

25 allows the fuel cell to use the hydrogen gas for power 
generation by transmitting heat generated by the fuel 
cell to the hydrogen adsorbing alloy tank by the heat ex- 
change medium so that the hydrogen adsorbing alloy 
tank discharges the hydrogen gas while absorbing the 

30 transmWed heat, and supplying the discharged hydro- 
gen gas to the fuel cell. 

[0020] According to the fuel cell system of the third 
aspect of the invention, the fuel cell system allows the 
fuel cell to use the hydrogen gas for power generation 

35 in the following manner when the temperature of the fuel 
cell is higherthan the fourth reference temperature: heat 
generated by the fuel cell is transmitted to the hydrogen 
adsorbing alloy tank by circulating the heat exchange 
medium. As a result, the hydrogen adsorbing alloy tank 

40 discharges the hydrogen gas while absorbing the trans- 
mitted heat. The discharged hydrogen gas is then sup- 
plied to the fuel cell. 

[0021] According to the fuel cell system of the third 
aspect of the invention, when the temperature of the fuel 

'fs cell Is higher than the fourth reference temperature, the 
fuel cell can be cooled to a desired temperature by using 
the hydrogen adsorbing alloy tank having the hydrogen 
gas adsorbed therein. Therefore, the fuel cell can be re- 
tained at a steady temp>erature even when the fuel cell 

so system is used at a high ambient temperature as in, e. 
g., summer. 

[0022] It should be noted that the invention is not lim- 
ited to the forms such as the fuel cell system described 
above. The invention can be implemented as a method 
55 of controlling such asystem, and a vehicle mounted with 
such a system. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] The foregoing and further objects, features 
and advantages of the invention will become apparent 
from the following description of preferred embodiments 
with reference to the accompanying drawings, wherein: 

Fig. 1 shows the structure of a fuel cell system ac- 
cording to an embodiment of the invention; 
Fig. 2 is a flowchart illustrating starting operation in 
the fuel cell system of Fig. 1 ; 
Fig. 3 Is a flowchart illustrating regenerating opera- 
tion in the fuel cell system of Fig. 1; and 
Fig. 4 is a flowchart illustrating cooling operation in 
the fuel cell system of Fig. 1 . 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0024] Hereinafter, embodiments of the invention will 
be described in the following order: 

Structure of Embodiment; 

Heating Operation and Normal Operation; 

Regenerating Operation; 

Cooling Operation; and 

Modifications. 

Structure of Embodiment 

[0025] Fig. 1 shows the structure of a fuel cell system 
according to an embodiment of the invention. 
[0026] The fuel cell system of this embodiment is in- 
tended to be mounted on a vehicle such as an automo- 
bile, and mainly includes a high-pressure hydrogen tani< 
1 GO for supplying hydrogen gas, a fuel cell 200 for re- 
ceiving hydrogen gas and generating electric power, 
and a hydrogen adsorbing alloy tani< 300 for storing and 
discharging hydrogen gas. 

[0027] The high-pressure hydrogen tank 100 is 
charged with high-pressure hydrogen gas. A shut valve 
1 0 is mounted at the bottom of the high-pressure hydro- 
gen tank 1 00. By opening the shut valve 1 0, hydrogen 
gas having a pressure of about 20 to 35 MPa is dis- 
charged from the high-pressure hydrogen tank 100. 
[0028] The fuel cell 200 receives hydrogen gas con- 
taining hydrogen and oxidizing gas containing oxygen 
(e.g., air), and generates eieciric power by causing an 
electrochemical reaction at a hydrogen electrode and 
an oxygen electrode according to the reaction formula 
described below. 

[0029] More specifically, when the hydrogen gas and 
the oxidizing gas are respectively supplied to the hydro- 
gen electrode and the oxygen electrode, the reaction 
given by formula (1 ) occurs at ttie hydrogen electrode, 
and the reaction given by fomriula (2) occurs at the ox- 
ygen electrode. Therefore, the overall reaction in the fu- 
el cell 200 is given by formula (3). 



H2-^2H* + 2e' (1) 
2H'' + 2e' + (1/2)02 ^ HgO (2) 



Hg + (1/2)02 ^ HgO (3) 

[0030] When such a fuel cell 200 is used as a power 
source of the vehicle, an electric motor (not shown) is 
driven by the electric power generated by the fuel cell 
200. The torque thus generated by the electric motor is 
transmitted to an axle (not shown) to obtain the motive 
force of the vehicle. 

[0031] The fuel cell 200 has a laminated structure of 
a pluralit y of single cells. Each single cell is formed by 
an electrolyte membrane, two diffusion electrodes inter- 
posing the electrolyte membrane therebetween (i.e., a 
hydrogen electrode and an oxygen electrode), and two 
separators interposing the diffusion electrodes therebe- 
tween (all of which are not shown in the figure). Each 
separator has a corrugated surface on both sides, which 
forms a gas passage within each single cell, together 
with the oxygen and hydrogen electrodes. The hydro- 
gen gas supplied in the aforementioned manner flows 
through the gas passage formed between the corrugat- 
ed surface of the separator and the hydrogen electrode. 
The oxidizinggas flows through the gas passageformed 
between the corrugated surface of the separator and the 
oxygen electrode. 

[0032] The hydrogen adsorbing alloy tank 300 con- 
tains a hydrogen adsorbing alloy (not shown). As the 
internal temperature of the hydrogen adsorbing alloy 
tank 300 decreases, the internal pressure thereof also 
decreases accordingly. As a result, the hydrogen ad- 
sorbing alloy becomes more likely to adsorb the hydro^ 
gen gas. On the other hand, as the intemal temperature 
increases, the internal pressure also increases accord- 
ingly. Therefore, the hydrogen adsorbing alloy becomes 
more likely to discharge the adsorbed hydrogen gas. 
The hydrogen adsorbing alloy adsorbs hydrogen gas 
with an exothennic reaction, and discharges the ad- 
sorbed hydrogen gas via an endothennic reaction. In 
other words, the hydrogen adsorbing alloy adsorbs hy- 
drogen gas with generation of heat, and discharges the 
adsorbed hydrogen gas with absorption of heat. Accord- 
ingly, in order to adsorb the hydrogen gas in the hydro- 
gen adsorbing alloy tank 300, the hydrogen adsorbing 

^ alloy tank 300 is cooled with a heat exchange system 
described below. On the other hand, in order to dis- 
charge the adsorbed hydrogen gas from the hydrogen 
adsorbing alloy tank 300, the hydrogen adsorbing alloy 
tank 300 is heated with the heat exchange system. 

^ [0033] As shown in Fig. 1 , the fuel cell system of this 
embodiment further includes a hydrogen gas passage 
for allowing the hydrogen gas to flow within the system, 
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an oxidizing gas passage 64 for allowing the oxidizing 
gas to flow within the system, a heat exchange system 
for controlling the temperature of the fuel cell 200 and 
the hydrogen adsorbing alloy tank 300 by circulating the 
cooling water, and a control unit 400. 
[0034] The hydrogen gas passage includes a main 
passage 50 and a branch passage 54. The main pas- 
sage 50 extends from a discharge port of the high-pres- 
sure hydrogen tank 1 00 through a branch point 52 to a 
supply port of the fuel cell 200. The branch passage 54 
connects supply and discharge ports of the hydrogen 
adsorbing alloy tank 300 to the branch point 52. 
[0035] The main passage 50 has a shut valve 1 0 and 
a regulator 12 between the discharge port of the high- 
pressure hydrogen tank 100 and the branch point 52. 
The main passage 50 further has a regulator 14 and a 

shut va1ve-1 6-b etwe e n the br a n c h poin t 52 and th e s op- 

ply port of the fuel cell 200. The branch passage 54 has 
a shut valve 1 8 and a pressure sensor 20. The pressure 
sensor 20 is a sensor for mainly detecting a pressure 
Ph of the hydrogen gas discharged from the hydrogen 
adsorbing alloy tank 300. 

[0036] The heat exchange system includes a water 
pump 22, a radiator 500, and a cooling water passage. 
The cooling water passage includes a main passage 58 
connecting the fuel cell 200 to the radiator 500, a branch 
passage 60 branching from the main passage 58 to the 
hydrogen adsorbing alloy tank 300, and a bypass pas- 
sage 62 bypassing the radiator 500. Antifreeze cooling 
liquid flows through the cooling water passage. 
[0037] In addition to the water pump 22, the main pas- 
sage 58 has a water temperature sensor 28 and a by- 
pass valve 26. The water temperature sensor 28 is a 
sensor for detecting a temperature Tw of thecooling wa- 
ter discharged from the fuel cell 200. The cooling water 
has almost the same temperature as does the fuel cell 
200 right after it is discharged from the fuel cell 200. 
Therefore, the temperature Tw detected by the water 
temperature sensor 28 can be regarded as the temper- 
ature of the fuel cell 200. 

[0038] The branch passage 60 has a regulating valve 
24. The regulating valve 24 is capable of opening and 
closing, and also capable of varying the opening amount 
thereof to regulate the flow rate of thecooling water flow- 
ing into the hydrogen adsorbing alloy tank 300. 
[0039] The bypass passage 62 is connected to the by- 
pass valve 26 at its one end. The bypass valve 26 has 
' three modes. In the first mode, the bypass valve 26 con- 
nects path a to path b (i.e., the cooling water is allowed 
to flow into the radiator 500). In the second mode, the 
bypass valve 26 connects path cto path b (i.e., the cool- 
ing water is allowed to flow into the bypass passage 62). 
In the third mode, the bypass valve 26 connects neither 
path a nor path cto path b (i.e., no cooling water is al- 
lowed to flow into the radiator 500 and the bypass pas- 
sage 62). 

[0040] The control unit 400 receives the detection re- 
sutt from the pressure sensor 20 and the water temper- 
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ature sensor 28, and controls the valves 10 to 18, 24, 
26 and the water pump 22. Note that illustration of con- 
trol lines and the like is omitted for simplicity. 
[0041] In this embodiment, the high-pressure hydro- 

5 gen tank 100 corresponds to a hydrogen tank of the in- 
vention, the fuel cell 200 corresponds to a fuel cell of 
the invention, the hydrogen adsorbing alloy tank 300 
corresponds to a hydrogen adsorbing alloy tank of the 
invention, the heat exchange system corresponds to a 

10 heat exchange unit of the invention, and the cooling wa- 
ter corresponds to a heat exchange medium of the in- 
vention. 

Heating Operation and Normal Operation 

15 

[0042] Hereinafter, starting operation of the fuel ceil 

ence to Fig. 2. Fig. 2 is a flowchart illustrating starting 
operation of the fuel cell system in Fig. 1 . 

20 [0043] Before the fuel cell system is started, every 
shut valve 10, 16, 18 in the hydrogen gas passage is 
closed. In the cooling water passage, the regulating 
valve 24 is closed, the bypass valve 26 is in the second 
mode, and the water pump 22 is stopped. The hydrogen 

25 adsorbing alloy tank 300 is empty, i.e., has adsorbed no 
hydrogen gas therein. 

[0044] When the fuel cell system is started, thecontrol 
unit 400 first opens the shut valve 1 0 in the main pas- 
sage 50 of the hydrogen gas passage, and drives the 

30 water pump 22 in the cooling water passage (step 
SI 02). As the shut valve 10 is opened, the hydrogen 
gas is discharged from the high-pressure hydrogen tank 
100 into the main passage 50. The water pump 22 thus 
driven allows the cooling water to flow. 

35 [0045] The control unit 400 then receives the detec- 
tion result from the water temperature sensor 28, and 
determines whether the temperature Tw of the cooling 
water is equal to or lower than a first reference temper- 
ature T1 or not (step S104). For example, the first ref- 

40 erence temperature T1 is about CC, a melting point of 
the ice. 

[0046] If the temperature Tw is equal to or lower than 
the first reference temperature T1 , the fuel cell 200 has 
such a low temperature that it may possibly be frozen. 

45 Therefore, a first heating operation is started. 

[0047] More specifically, the control unit 400 closes 
the shut valve 16 in the main passage 50 of the hydro- 
gen gas passage and opens the shut valve 18 in the 
branch passage 54 thereof. In addition, the control unit 

50 400 opens the regulating valve 24 in the branch passage 
50 of the cooling water passage and sets the bypass 
valve 26 to the third mode. Moreover, the control unit 
400 sets a storage flag described below (step SI 06). 
[0048] As the shut valve 16 of the main passage SO 

55 Is closed and the shut valve 1 8 of the branch passage 
54 is opened in step S1 06, the hydrogen gas discharged 
from the high-pressure hydrogen tank 100 into the main 
passage 50 is supplied to the hydrogen adsorbing alloy 



5 



Best Available Copy 



9 EP 1 291 949 A2 10 



tank 300 through the branch point 52 and the branch 
passage 54, as shown by arrow hi in the figure. 
[0049] Note that a primary decompression regulator 
12 is provided in the main passage 50. The high-pres- 
sure hydrogen gas (about 20 to 35 MPa) discharged 
from the high-pressure hydrogen tanl< 100 is decom- 
pressed to about 0.8 to 1 MPa by the regulator 12. The 
hydrogen gas thus decompressed is supplied to the hy- 
drogen adsorbing alloy tank 300. 
[0050] As described before, the hydrogen adsorbing 
alloy tank 300 is empty (I.e., adsorbs no hydrogen gas 
therein). Moreover, since the temperature of the cooling 
water is not higher than the first reference temperature 
T1 , the ambient temperature and the temperature of the 
hydrogen adsorbing alloy tank 300 are also low. The hy- 
drogen adsorbing alloy tank 300 therefore has an ex- 
tremely low internal pressure. 

[0051] As the hydrogen gas of aboDrOTB to 1 MPa Is 
supplied to the hydrogen adsorbing alloy lank 300, it is 
quickly adsorbed by the hydrogen adsorbing alloy in the 
hydrogen adsorbing alloy tank 300 due to its extremely 
low internal pressure. As described before, the hydro- 
gen adsorbing alloys adsorb the hydrogen gas so as to 
generate heat by an exothermic reaction. 
[0052] As the regulating valve 24 of the branch pas- 
sage 60 is opened and the bypass valve 26 Is set to the 
third mode in step S106, the cooling water circulates In 
the heat exchange system as shown by arrow w3. More 
specifically, after leaving the fuel cell 200, the cooling 
water flows through the main passage 58, the branch 
passage 60, the hydrogen adsorbing alloy tank 300, the 
branch passage 60, the main passage 58, and then 
back to the fuel cell 200. 

[0053] The heat generated in the hydrogen adsorbing 
alkjy tank 300 is thus transmitted from the hydn>gen ad- 
sorbing alloy tank 300 to the fuel cell 200 by the circu- 
lating cooling water. As a result, the fuel cell 200 is heat- 
ed. 

[0054] As has been described above, upon starting of 
the fuel cell system of this embodiment, the fuel cell 200 
can be heated with the heat generated by the hydrogen 
adsorbing alloy tank 300. More specifically, the hydro- 
gen gas discharged from the high-pressure hydrogen 
tank 1 00 is supplied to the hydrogen adsorbing alloy 
tank 300 so as to be adsorbed therein. As a result, heat 
is generated in the hydrogen adsorbing alloy tank 300. 
The heat thus generated is transmitted to the fuel cell 
200 by the heat exchange system, thereby heating the 
fuel cell 200. 

[0055] The circulating cooling water is herein used to 
transmit heat from the hydrogen adsorbing alloy tank 
300 to the fuel cell 200. In this case, when the cooling 
water itself has a low temperature, it must be heated 
with the heat generated in the hydrogen adsorbing alloy 
tank 300. According to the fuel cell system of this em- 
bodiment, the bypass valve 26 in the heat exchange 
system is set to the third mode. Therefore, the cooling 
water circulates merely in the path shown by arrow w3. 



and will not flow into the bypass passage 62 and the 
radiator 500. Since the cooling water circulates in the 
minimum length path, the amount of circulating cooling 
water is minimized. Accordingly, the cooling water can 
5 be heated quickly with a small heat quantity. As a result, 
the fuel cell 200 can be heated more quickly with a re- 
duced amount of energy. 

[0056] In step S106: the hydrogen gas is thus sup- 
plied from the high-pressure hydrogen tank 100 to the 

'0 hydrogen adsorbing alloy tank 300 and adsorbed there- 
in. The control unit 400 therefore sets a storage flag in- 
dicating that the hydrogen gas is adsorbed in the hydro- 
gen adsorbing alloy tank 300, as described above. 
[0057] After step S106, the routine returns to step 

15 SI 04. 

[0058] If the temperature Tw of the cooling water is 
higher than the first reference temperature T1 in step 
SI 04, thelUel ceir2001s not In a frozen state. Therefore, 
the control unit 400 then determines whether the tem- 

^0 perature Tw of the cooling water is equal to or lowerthan 
a second reference temperature T2 or not (step 81 08), 
where T2 > T1 . For example, the second reference tem- 
perature T2 is about 30 to SO°C. 
[0059] It is now detemnined that the temperature Tw 

2s of the cooling water is not higher than the second refer- 
ence temperature T2 in step S108. Since the tempera- 
ture Tw of the cooling water is higher than the first ref- 
erence temperature T1 , the fuel cell 200 is not in the 
frozen state and is operable. However, since the tem- 

30 perature of the fuel cell 200 is not high enough for effi- 
cient operation, a second heating operation is started. 
[0080] More specifically, the control unit 400 opens 
both the shut valve 1 6 in the main passage 50 of the 
hydrogen gas passage and the shut valve 18 in the 

35 branch passage 54 thereof. In addition, the control unit 
400 opens the regulating valve 24 in the branch passage 
60 of the cooling water passage and sets the bypass 
valve 26 to the third mode. If no storage flag is ON, the 
control unit 400 sets a storage flag (step S1 10). 

40 [0061] As the shut valve 16 of the main passage 50 
and the shut valve 1 8 of the branch passage 54 are both 
opened, the hydrogen gas discharged from the high- 
pressure hydrogen tank 100 Into the main passage 50 
is supplied as shown by arrows hi , h2. More specifically, 

*5 a part of the hydrogen gas is supplied to the fuel cell 200 
through the main passage 50, and the remaining hydro- 
gen gas is supplied to the hydrogen adsorbing alloy tank 
300 thmugh the branch point 52 and the branch pas- 
sage 54. 

so [0062] In addition to the primary decompression reg- 
ulator 12, a secondary decompression regulator 14 is 
provided in the main passage 50. The hydrogen gas 
flowing through the main passage 50 toward the fuel cell 
200 is first decompressed to about 0.8 to 1 MPa by the 

55 primary decompression regulator 12, and then to about 
0.2 to 0.3 MPa by the secondary decompression regu- 
lator 14. As a result, the hydrogen gas of about 0.2 to 
0.3 MPa is supplied to the fuel cell 200. Such two-stage 



6 



Best Available Copy 



11 



EP 1 291 949 A2 



12 



decompression prevents the high-pressure hydrogen 
gas discharged from the high-pressure hydrogen tank 
1 00 from being directly supplied to the fuel cell 200. 
[0063] The oxidizing gas is also supplied to the fuel 
cell 200 through the oxidizing gas passage 64. 
[0064] As the hydrogen gas and the oxidizing gas are 
supplied to the fuel cell 200, an electrochemical reaction 
occurs at the hydrogen electrode and the oxygen elec- 
trode of the fuel cell 200. whereby power is generated, 
as described above. Note that, since this electrochem- 
ical reaction is an exothermic reaction, the fuel cell 200 
Is heated by the electrochemical reaction. 
[0065] As described above, the hydrogen gas sup- 
plied to the hydrogen adsorbing alloy tank 300 is ad- 
sorbed by the hydrogen adsorbing alloy contained 
therein with an exothermic reaction. The heat thus gen- 
erated-by the-exotherrrrfc-reacttorris transmitted to-the- 
fuel cell 200 by the cooling water circulating In the heat 
exchange system, whereby the Tuel cell 200 is further 
heated. 

[0066] According to the fuel cell system of this embod- 
iment, when the fuel cell 200 is not frozen but the tem- 
perature thereof is not high enough, the fuel cell 200 can 
be operated'while being heated by using the hydrogen 
adsorbing alloy tank 300. The fuel cell 200 is thus heated 
with both the heat generated in the hydrogen adsorbing 
alloy, tank 300 and the heat generated by the fuel cell 
200 itself. As a result, the fuel eel) 200 can be heated 
rapidly. 

[0067] After step S110, the routine returns to step 
S104. 

[0068] If the temperature Tw of the cooling water is 
higher than the second reference temperature T2 in step 
S1 08, the temperature of the fuel cell 200 is high enough 
for efficient operation. Accordingly, nomnal operation is 
started. 

[0069] More specifically, the control unit 400 closes 
the shut valve 1 8 in the branch passage 54 of the hy- 
drogen gas passage and opens the shut valve 16 in the 
main passage 50 thereof. In addition, the control unit 
400 closes the regulating valve 24 in the branch pas- 
sage 60 of the cooling water passage, and sets the by- 
pass valve 26 to the second mode (step S112). 
[0070] As the shut valve 1 8 of the branch passage 54 
is closed and the shut valve 16 of the main passage 50 
is opened, the hydrogen gas discharged from the high- 
pressure hydrogen tank 1 00 into the main passage 50 
is supplied to the fuel cell 200 through the main passage 
50. as shown by arrow h2. 

[0071] The oxidizing gas is also supplied to the fuel 
cell 200 through the oxidizing gas passage 64. 
[0072] As the hydrogen gas and the oxidizing gas are 
supplied to the fuel cell 200, an electrochemical reaction 
occurs at the hydrogen electrode and the oxygen elec- 
trode of the fuel cell 200, whereby power is generated, 
as described above. Since this electrochemical reaction 
is an exothermic reaction, the fuel cell 200 is heated by 
the electrochemical reaction. 



[0073] As the regulating valve 24 of the branch pas- 
sage 60 is closed and the bypass valve 26 is set to the 
second mode, the cooling water circulates in the heat 
exchange system as shown by arrow w2. More specif i- 

5 cally, after leaving the fuel cell 200, the cooling water 
flows through the main passage 58, the b^ass passage 
62, the main passage 58, and then back to the fuel cell 
200. This is because the temperature Tw of the cooling 
water would not be raised rf the cooling water is circu- 

10 lated to the radiator 500 while the temperature Tw Is low- 
er than a steady temperature. 

[0074] The control unit 400 keeps monitoring the tem- 
perature Tw of the cooling water by the water tempera- 
ture sensor 28. When the temperature Tw of the cooling 

15 water reaches the steady temperature with the temper- 
ature rise in the fuel cell 200, the control unit 400 switch- 
mode. As a result, the cooling water circulates in the 
heat exchange system as shown by arrow w1 . More 

20 specifically, after leaving the fuel cell 200, the cooling 
water flows through the main passage 58, the radiator 
500, the main passage 58 and then back to the fuel cell 
200. The cooling water thus heated by the fuel cell 200 
is cooled in the radiator 500, whereby the temperature 

25 Tw of the cooling water and thus the temperature of the 
fuel cell 200 can be held at the steady temperature. 
[0075] A series of steps in the starting operation 
shown in Fig. 2 is thus completed. 

30 Regenerating Operation 

[0076] Hereinafter, regenerating operation in the fuel 
cell system of this embodiment will be described with 
reference to Fig. 3. The regenerating operation is con- 
3s ducted to reuse in the fuel cell 200 the hydrogen gas 
adsorbed in the hydrogen adsorbing alloy tank 300. Fig. 
3 is a flowchart illustrating the regenerating operation in 
the fuel cell system of Fig. 1 . 

[0077] As descritjed before, in normal operation, the 

40 shut valves 1 0, 1 6 in the main passage 50 of the hydro- 
gen gas passage are opened, but the shut valve 1 8 in 
the branch passage 54 thereof is closed. Moreover, the 
regulating valve 24 In the branch passage 60 of the cool- 
ing water passage is closed and the bypass valve 26 is 

45 in the first or second mode. 

[0078] When the regenerating operation of Fig. 3 is 
started during nonmal operation, the control unit 400 first 
detemnines whether a storage flag indicating that the hy- 
drogen gas is adsorbed in the hydrogen adsorbing alloy 

so tank 300 is ON or not^step S202). If the storage flag is 
OFF, no hydrogen gas is adsorbed in the hydrogen ad- 
sorbing alloy tank 300. In other words, the hydrogen ad- 
sorbing alloy tank 300 is empty. Therefore, the regener- 
ating operation in Fig. 3 is terminated. 

55 [0079] If the storage flag is ON, the hydrogen gas is 
adsorbed in the hydrogen adsorbing alloy tank 300. 
Therefore, the regenerating operation of Fig. 3 is con- 
tinued. 
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[0080] The control unit 400 then receives the detec- 
tion result from the water temperature sensor 28, and 
determines whether the temperature Tw of the cooling 
water is higher than a third reference temperature T3 or 
not (step S204), where T3 > T2. For example, the third 
reference temperature T3 is about 50 to 80" C.lf the tem- 
perature Tw of the cooling water is equal to or lower than 
the third reference temperature T3, the control unit 400 
waits until the temperature Tw of the cooling water ex- 
ceeds the third reference temperature T3. When the 
temperature Tw of the cooling water exceeds the third 
reference temperature T3, the control unit 400 closes 
the shut valve 10 in the main passage 50 of the hydro- 
gen geis passage and opens the shut valve 1 8 in the 
branch passage 54 thereof. Moreover, the control unit 
400 opens the regulating valve 24 in the branch passage 
60 of the cooling water passage and sets the bypass 
valve 26 to the third mode (step~g206).As the regulating 
valve 24 of the branch passage 60 is opened and the 
bypass valve 26 is set to the third mode in step S206, 
the cooling water circulates in the heat exchange sys- 
tem as shown by arrow w3. More specifically, after leav- 
ing the fuel cell 200, the cooling water flows through the 
main passage 58, the branch passage 60, the hydrogen 
adsorbing alloy tank 300, the branch passage 60, the 
main passage 58, and then back to the fuel cell 200. 
[0081 ] Since the temperature Tw of the cooling water 
exceeds the third reference temperature T3 and the 
heat generated by the electrochemical reaction in the 
fuel cell 200 is transmitted from the fuel cell 200 to the 
hydrogen adsorbing alloy tank 300 by the circulating 
cooling water, the hydrogen adsorbing alloy tank 300 is 
heated to a higher temp>eratu re. As a result, the internal 
pressure of the hydrogen adsorbing alloy tank 300 is 
raised, whereby the hydrogen adsorbing alloy discharg- 
es the hydrogen gas adsorbed therein. 
[0082] As described above, the shut valve 10 in the 
main passage 50 of the hydrogen gas passage is closed 
and the shut valve 18 in the branch passage 54 thereof 
is opened. Therefore, the hydrogen adsorbing alloy tank 
300 discharges the hydrogen gas adsorbed therein to 
the outside. The hydrogen gas thus discharged is sup- 
plied to the fuel cell 200 through the branch passage 54, 
the branch point 52 and the main passage 50, as shown 
by arrow h3. The fuel cell 200 uses the received hydro- 
gen gas for power generation. 

[0083] The control unit 400 then receives the detec- 
tion result from the pressure sensor 20. and determines 
whether the pressure Ph of the hydrogen gas dis- 
charged from the hydrogen adsorbing alloy tank 300 is 
nearly equal to a first reference pressure PI or not (step 
S208). For example, the first reference pressure P1 is 
about 0.8 to 0.9 MPa. 

[0084] If the pressure Ph of the hydrogen gas has not 
reached the first reference pressure PI in step S208, 
the control unit 400 operates so that the pressure Ph 
reaches the first reference pressure P1 . More specifi- 
cally, the control unit 400 varies the opening amount of 
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the regulating valve 24 in the cooling water passage to 
adjust the flow rate of the cooling water flowing into the 
hydrogen adsorbing alloy tank 300. The pressure Ph of 
the hydrogen gas is thus always held at the first refer- 

s ence pressure PI while the hydrogen gas is being dis- 
charged from the hydrogen adsorbing alloy tank 300. 
[0085] The pressure Ph of the hydrogen gas dis- 
charged from the hydrogen adsorbing alloy tank 300 is 
reduced overtime. When the pressure Ph of the hydro- 

10 gen gas can no longer be held at the first reference pres- 
sure PI even by opening the regulating valve 24 to the 
maximum (step S212, S214), the control unit 400 deter- 
mines that the hydrogen adsorbing alloy tank 300 has 
entirely discharged the hydrogen gas adsorbed therein, 

'5 that is, the hydrogen adsorbing alloy tank 300 has be- 
come empty. 

[0086] The control unit 400 then closes the shut valve 
18 in the branch passage 54 of the hydrogen gas pas- 
sage, and opens the shut valve 1 0 in the main passage 
20 50 thereof. Moreover, the control unit 400 closes the reg- 
ulating valve 24 in the branch passage 60 of the cooling 
water passage, and sets the bypass valve 26 to the first 
or second mode (step S21 6). The control unit 400 then 
resets the storage flag, which indicates that the hydro- 
ps gen adsorbing alloy tank 300 becomes empty (step 
S216). 

[0087] A series of steps in the regenerating opera- 
tions in Fig. 3 is thus completed, and operation returns 
to the normal operation. 

30 [0088] According to the fuel cell system of this embod- 
iment, the hydrogen gas that was used to raise the tem- 
perature of the fuel ceil 200 upon starting (i.e.. the hy- 
drogen gas that was supplied from the high-pressure hy- 
drogen tank 100 to the hydrogen adsorbing alloy tank 

35 300 and adsorbed therein) can be reused for power gen- 
eration in the fuel cell 200 during operation thereof. This 
allows for efficient use of the energy of the hydrogen gas 
as a fuel. 

[0089] The heat generated by the fuel cell is used to 
40 cause the hydrogen adsorbing alloy tank to discharge 
the hydrogen gas adsorbed therein. Therefore, no other 
source of energy is required. 

[0090] The hydrogen adsorbing alloy tank 300 storing 
the hydrogen gas can be made empty during operation 
45 of the fuel cell 200. Therefore, the above heating oper- 
ation can be started whenever the fuel cell system is 
restarted after operation of the fuel cell 200 is lemninat- 
ed. 

[0091] The heat generated by the fuel cell 200 is used 
50 to make the hydrogen adsorbing alloy tank 300 storing 
the hydrogen gas empty. Therefore, no other source of 
energy is required. 

Cooling Operation 

55 

[0092] In nonnal operation, the cooling water circulat- 
ing in the fuel cell 200 is cooled in the radiator 500 and 
thus the temperature of the fuel cell 200 is held at a 
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steady temperature when the bypass valve 26 of the 
cooling water passage is in the first mode, as described 
above. When a vehicle mounted with such a fuel cell 
system is used in, e.g., summer, however, such cooling 
with the radiator 500 may not be enough to hold the tem- 
perature of the fuel cell 200 at the steady temperature. 
[0093] Hereinafter, a cooling operation for cooling the 
fuel cell 200 by using the hydrogen adsorbing alloy tank 
300 in the fuel cell system of this embodiment, which 
may be applied as an alternative to the Regenerating 
Operation C, will be described with refererice to Fig. 4. 
Fig. 4 is a flowchart illustrating cooling operation in the 
fuel cell system of Fig. 1 . 

[0094] Note that this cooling operation is conducted 
Instead of the regenerating operation described above. 
Since the cooling operation is basically the same as the 
— regenerating operatlonrontjrthe differences therebe- 
tween will be specifically described below. 
[0095] When liie cooling operation in Fig. 4 is started 
in nonmal operation, the control unit 400 first determines 
whether a storage flag indicating that the hydrogen gas 
is adsorbed in the hydrogen adsorbing alloy tanl< 300 is 
ON or not (step S302). If the storage flag is OFF, the 
hydrogen storage alloy tank 300 is empty and therefore 
the cooling operation using the hydrogen adsorbing al- 
loy tank 300 cannot be conducted. Accordingly, the cool- 
ing operation in Fig. 4 is terminated. 
[0096] If the storage flag is ON. the hydrogen gas is 
adsorbed in the hydrogen adsorbing alloy tank 300. 
Therefore, the cooling operation in Fig. 4 is continued. 
[0097] The control unit 400 then receives the detec- 
tion result from the water temperature sensor 28, and 
detemnines whether the temperature Tw of the cooling 
water is higher than a fourth reference temperature T4 
or not (step S304), where T4 > T2. For example, the 
fourth reference temperature T4 is about 80" C or high- 
er 

[0098] If the temperature Tw of the cooling water is 
equal to or lower than the fourth reference temperature 
T4, the control unit 400 waits until the temperature Tw 
of the cooling water exceeds the fourth reference tem- 
perature T4. When the temperature Tw of the cooling 
water exceeds the fourth reference temperature T4, the 
control unit 400 closes the shut valve 1 0 in the main pas- 
sage 50 of the hydrogen gas passage and opens the 
shut valve 18 in the branch passage 54 thereof. More- 
over, the control unit 400 opens the regulating valve 24 
in the branch passage 60 of the cooling water passage 
and sets the bypass valve 26 to the third mode (step 
S306). 

[0099] As the regulating valve 24 of the branch pas- 
sage 60 is opened and the bypass valve 26 is set to the 
third mode in step S306, the cooling water circulates in 
the heat exchange system as shown by arrow w3. More 
specifically, after leaving the fuel cell 200, the cooling 
water flows through the main passage 58, the branch 
passage 60, the hydrogen adsorbing alloy tank 300, the 
branch passage 60, the main passage 58, and then 



back to the fuel cell 200. 

[01 00] The heat generated by the electrochemical re- 
action in the fuel cell 200 is thus transmitted from the 
fuel cell 200 to the hydrogen adsorbing alloy tank 300 

5 by the circulating cooling water. The hydrogen adsorb- 
ing alloy tank 300 is thus heated by the heat transmitted 
thereto, and the internal pressure thereof is increased 
accordingly. As a result, the hydrogen adsorbing alloy 
discharges the hydrogen gas with an endothermic reac- 

10 tion. Since the hydrogen adsorbing alloy discharges the 
hydrogen gas while absorbing the heat, the cooling wa- 
ter leaving the hydrogen adsorbing alloy tank 300 has 
a reduced temperature. Accordingly, the cooling water 
having a reduced temperature is returned to the fuel cell 

J5 200, whereby the fuel cell 200 is cooled. 

[0101] As described above, the shut valve 10 in the 

main-passage GO o f the h y d r og e n gas p assage i s 

closed, and the shut valve 1 8 in the branch passage 54 
thereof is opened. Therefore, the hydrogen adsorbing 

20 alloy tank 300 discharges the hydrogen gas adsorbed 
therein to the outside. The hydrogen gas thus dis- 
charged is supplied to the fuel cell 200 through the 
branch passage 54, the branch point 52 and the main 
passage 50, as shown by arrow h3. The fuel cell 200 

25 uses the received hydrogen gas for power generation. 
[0102] Since steps S308 to S314 are the same as 
steps S208 to S21 6 in Fig. 3. description thereof is omit- 
ted. 

[0103] Thereafter, the control unit 400 again receives 

30 the detection result from the water temperature sensor 
28 and detemines whether or not the temperature Tw 
of the cooling water is equal to or lower than the fourth 
reference temperature T4 (step S31 8). 
[0104] If the temperature Tw of the cooling water is 

35 higher than the fourth reference temperature T4, steps 
S308 to S31 4 are repeated until the temperature Tw be- 
comes equal to or lower than the fourth reference tem- 
perature T4. When the temperature Tw of the cooling 
water becomes equal to or lower than the fourth refer- 

40 ence temperature T4, the control unit 400 closes the 
shut valve 1 8 in the branch passage 54 of the hydrogen 
gas passage and opens the shut valve 10 in the main 
passage 50 thereof. Moreover, the contrbl unit 400 clos- 
es the regulating valve 24 in the branch passage 60 of 

4s the cooling water passage and sets the bypass valve 26 
to the first or second mode (step S320). 
[0105] Note that while steps S308 to S31 4 are repeat- 
ed, the pressure Ph of the hydrogen gas discharged 
from the hydrogen adsorbing alloy tank 300 is held at 

so the first reference pressure P1 , and the hydrogen ad- 
sorbing alloy tank 300 is not empty. Therefore, even 
when the shut valve 18 of the branch passage 54 is 
closed in step S320, the hydrogen gas still remains in 
the hydrogen adsorbing alloy tank 300. 

55 [0106] As long as the hydrogen gas remains in the hy- 
drogen adsorbing alloy tank 300, it is possible to cool 
the fuel cell 200 by using the hydrogen adsorbing alloy 
tank 300. Therefore, the routine retums to step S304. 



9 



Best Available Copy 



17 



EP 1 291 949 A2 



[0107] The above operation is repeated until the hy- 
drogen adsorbing alloy tank 300 storing the hydrogen 
gas becomes ennpty. When the hydrogen adsorbing al- 
loy tank 300 becomes empty, step S316 is conducted. 
Step S316 is the same as step S216 in Fig. 2. 
[01 08] A series of steps in the cooling operation of Fig. 
4 is thus completed, and operation retums to the normal 
operation. 

[01 09] According to the fuel cell system of this embod- 
iment, the fuel cell 200 having a high temperature is 
cooled by using the hydrogen adsorbing alloy tank 300 
storing the hydrogen gas. The temperature of the fuel 
cell 200 can thus be retained at the steady temperature. 

Modifications 



[ 01 1 0] It should be noted that the Inve ntion is not li m- 

ited to the above embodiment, and can be embodied in 
various forms without departing from the subject matter 
of the invention. 

[01 1 1 ] According to the above embodiment, when the 
hydrogen gas is adsorbed in the hydrogen aclsorbing al- 
loy tank 300 upon starting of the fuel cell system, oper- 
ation of the fuel cell 200 is completed after the hydrogen 
adsorbing alloy tank 300 is made empty by the regen- 
erating operation. However, even when the hydrogen 
gas is adsorbed in the hydrogen adsorbing alloy tank 
300 upon starting of the fuel cell system, operation of 
the fuel cell may be completed without making the hy- 
drogen adsorbing alloy tank 300 empty as long as the 
hydrogen adsorbing alloy tank 300 still has a sufficient 
capacity for storing the hydrogen gas. In this case as 
well, the above heating operation can be started when- 
ever the fuel cell system Is restarted. 
[01 12] I n the above embodiment, once proceedi ng to 
the nonnal operation, operation will not return to the 
heating operation. However, c^eration may return to the 
heating operation if the temperature of the fuel cell 200 
falls. 

[0113] In the above embodiment, the fuel cell 200 Is 
cooled only with the hydrogen adsorbing alloy tank 300 
in the cooling operation. More specifically, the fuel cell 
200 Is cooled by opening the regulating valve 24 of the 
branch passage 60 and setting the bypass valve 26 to 
the third mode in the heat exchange system so that the 
cooling water circulates as shown by arrow w3. Howev- 
er, the Invention is not limited to this. For example, the 
fuel cell 200 may altomatp-'ely be ccclsd with the hydro- 
gen adsorbing alloy tank 300 and the radiator 500. More 
specifically, the fuel cell 200 may be cooled by opening 
the regulating valve 24 and setting the bypass valve 26 
to the first mode so that the cooling water circulates both 
in the hydrogen adsorbing alloy tank 300 and the radi- 
ator 500 as shown by arrows w1 , w3. 



Claims 

1 . A fuel cell system comprising a hydrogen tank (1 00) 
and a fuel cell (200) connected and adapted to re- 
ceive hydrogen gas and generate electric power, 
the fuel cell system characterized by comprising: 

a hydrogen adsorbing alloy tank (300) having 
a hydrogen adsorbing alloy, the hydrogen ad- 
sorbing alloy tank (300) being connected to re- 
ceive the hydrogen gas from the hydrogen tank 
(100), and adapted to adsorb the received hy- 
drogen gas in the hydrogen adsorbing alloy, 
and to discharge the hydrogen gas from the hy- 
drogen adsorbing alloy to the fuel cell (200); 
a heat exchange unit (58, 60) connected and 

adapted to circulate a heat exch ange medium 

to the fuel cell (200) and the hydrogen adsorb- 
ing alloy tank (300), to cause heal exchange at 
least between the fuel cell (200) and the hydro- 
gen adsorbing alloy tank (300); 
a first passage (50) connecting the hydrogen 
tank (1 00) and the fuel cell (200), so as to allow 
hydrogen gas from the hydrogen tank (1 00) to 
flow into the fuel ceil (200); 
a second passage (54) branching from the first 
passage (50) and connecting the first passage 
(50) and the hydrogen adsorbing alloy tank 
(300); and 

a control unit (400) adapted such that when a 
temperature of the fuel cell (200) is equal to or 
lower than a first reference temperature (T1), 
the control unit (400) heats the fuel cell (200) 
by supplying the hydrogen gas from the hydro- 
gen tank (100) to the hydrogen adsorbing alloy 
tank (300) through the first passage (50) and 
the second passage (54) so that the hydrogen 
gas is adsorbed in the hydrogen adsorbing al- 
loy tank (300) with generation of heat, and 
transmitting the generated heat to the fuel cell 
(200) by the heat exchange medium in the heat 
exchange unit (58, 60). 

2. The fuel cell system according to claim 1 , charac- 
terized in that 

when the temperature of the fuel cell (200) is 
higher than the first reference temperature (T1 ) and 
equal to or lower than a second reference temper- 
ature (T2), the control unit (400) is adapted to 

allow the fuel cell (200) to use the hydrogen 
gas for power generation by supplying the hydrogen 
gas from the hydrogen tank (100) to the fuel cell 
(200) through the first passage (50), and 

heat the fuel cell (200) by supplying the hy- 
drogen gas from the hydrogen tank (1 00) to the hy- 
drogen adsorbing alloy tank (300) through the first 
passage (50) and the second passage (54) so that 
the hydrogen gas is adsorbed in the hydrogen ad- 
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sorbing alloy tank (300) with generation o1 heat, and 
transmitting the generated heat to the fuel cell (200) 
by the heat exchange medium in the heat exchange 
unit (58. 60). 

The fuel cell system according to claim 1 , charac- 
terized In that when the temperature of the fuel cell 
(2O0) is higher than a third reference temperature 
(T3) that is higher than the first reference tempera- 
ture (T1 ), the control unit (400) is adapted to allow 
the fuel cell (200) to use the hydrogen gas for power 
generation by transmitting heat generated by the fu- 
el cell (200) to the hydrogen adsorbing alloy tank 
(300) by the heat exchange medium in the heat ex- 
change unit (58, 60) so that the hydrogen adsorbing 
alloy tank (300) discharges the hydrogen gas ad- 

— sorbed-therein, and supplytng-the-dlseharged-tiy 

drogen gas to the fuel cell (200) through the second 
passage (54) and the first passage (50). 

A fuel cell system comprising a hydrogen tank (1 00) 
and a fuel cell (200) connected and adapted to re- 
ceive hydrogen gas and generate electric power, 
characterized by comprising: 

a hydrogen adsorbing alloy tank (300) having 
a hydrogen adsorbing alloy, the hydrogen ad- 
sorbing alloy tank (300) being connected to re- 
ceives the hydrogen gas from the hydrogen 
tank ( 1 00) , and being adapted to adsorb the re- 
ceived hydrogen gas in the hydrogen adsorbing 
alloy, and to discharge the hydrogen gas from 
the hydrogen adsorbing alloy to the fuel cell 
(200); 

a heat exchange unit (58, 60) connected and i 
adapted to circulate a heat exchange medium 
to the fuel cell (200) and the hydrogen adsorts- 
ing alloy tank (300) and to cause heat exchange 
at least between the fuel cell (200) and the hy- 
drogen adsorbing alloy tank (300); and < 
a control unit (400) adapted such that when a 
temperature of the fuel cell (200) is higher than 
a first reference temperature (T1 ) and equal to 
or lower than a second reference temperature 
(T2), the control unit (400) allows the fuel cell * 
(200) to use the hydrogen gas for power gen- 
eration by supplying the hydrogen gas from the 
hydrogen tank (1 00) to the fuel cell (200), and 
heats the fuel cell (200) by supplying the hydro- 
gen gas from the hydrogen tank (100) to the ' 
hydrogen adsorbing alloy tank (300) so that the 
-hydrogen gas is adsorbed In the hydrogen ad- 
sorbing alloy tank (300) with generation of heat, 
and transmitting the generated heat to the fuel 
cell (200) by the heat exchange medium. ^ 

The fuel cell system according to claim 4, charac- 
terized in that when the temperature of the fuel cell 



(200) is higher than a third reference temperature 
(T3) that is higher than the second reference tem- 
perature (T2), the control unit (400) is adapted to 
allow the fuel cell (200) to use the hydrogen gas for 
power generation by transmitting heat generated by 
the fuel cell (200) to the hydrogen adsorbing alloy 
tank (300) by the heat exchange medium so that 
the hydrogen adsorbing alloy tank (300) discharges 
ttie hydrogen gas adsorbed therein, and supplying 
the discharged hydrogen gas to the fuel cell (200). 

A fuel cell system comprising a hydrogen tank (1 00) 
and a fuel cell (200) connected and adapted to re- 
ceive hydrogen gas and generate electric power, 
characterized by comprising: 



a hydrogen adsorbing alloy, me hydrogen ad- 
sorbing alloy tank (300) being connected to re- 
ceive the hydrogen gas from the hydrogen tank 
(100), adsorb the received hydrogen gas in the 
hydrogen adsorbing alloy, and discharge the 
hydrogen gas from the hydrogen adsorbing al- 
loy to the fuel cell (200); 
a heat exchange unit (58, 60) connected and 
adapted to circulate a heat exchange medium 
to the fuel cell (200) and the hydrogen adsorb- 
ing alloy tank (300) and to cause heat exchange 
at least between the fuel cell (200) and the hy- 
drogen adsorbing alloy tank (300); and 
a control unit (400) adapted such that when the 
temp>erature of the fuel cell (200) is higher than 
a fourth reference temperature (T4), the control 
unit (400) allows the fuel cell {200) to use the 
hydrogen gasforpowergeneration by transmit- 
ting heat generated by the fuel cell (200) to the 
hydrogen adsorbing alloy tank (300) by the heat 
exchange medium so that the hydrogen ad- 
sorbing alloy tank (300) discharges the hydro- 
gen gas while at>sorbing the transmitted heat, 
and supplying the discharged hydrogen gas to 
the fuel cell (200). 

7. The fuel cell system according to any one of claims 
1 to 5, characterized in that the first reference tem- 
perature (T1) is about 0"C. 

8. The fuel cell system according to any one of claims 
2, 4 and 5, characterized in that the second refer- 
ence temperature (T2) is about 30 to 50° C. 

9. The fuel cell system according to claim 3 or 5, char- 
acterized in that the third reference temperature 
(T3) is about 50 to 80»C. 

10. The fuel cell system according to claim 6, charac- 
terized in that the fourth refererK:e temperature 
(T4) is at least about 80° C. 
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1 1 . The fuel cell system according to any one of claims 
1 to 1 0, characterized in that a circulation path of 
the heat exchange medium in the heat exchange 
unit (58. 60) is configured to minimize an amount of 
the heat exchange medium circulating in the fuel 
cell (200) and the hydrogen adsorbing alloy tank 
(300). 

12. The fuel cell system according to any one of claims 
1 to 11 , characterized in that the hydrogen adsorb- 
ing ailoy is an alloy which is more lil<ely to adsorb 
the hydrogen gas as an internal temperature of the 
hydrogen adsorbing alloy decreases, and is more 
likely to discharge the hydrogen gas as the internal 
temperature increases, and the hydrogen adsorb- 
ing alloy is an alloy which causes an exothermic re- 
action when storing the hydrogen gas, and causes 
an~end6therfhic reaction wHen ciischarging the hy- 
drogen gas adsorbed therein. 

13. The fuel cell system according to any one of claims 
1 to 12, characterized in that during operation of 
the fuel cell (200), the control unit (400) is adapted 
to cut off supply of the hydrogen gas to the hydrogen 
adsorbing alloy tank (300) and to discharge the hy- 
drogen gas adsorbed by the hydrogen adsorbing ai- 
loy in order to ensure' that the hydrogen adsorbing 
alloy tank (300) has a capacity for storing the hy- 
drogen gas when operation of the fuel cell (200) is 
completed. 

14. A vehicle, comprising a fuel cell system comprising 
a hydrogen tank (1 00) and a fuel cell (200) connect- 
ed and adapted to receive hydrogen gas and gen- 
erate electric power, the vehicle characterized in 
that the fuel cell system further comprises; 

a hydrogen adsorbing alloy tank (300) having 
a hydrogen adsorbing alloy, the hydrogen adsort>- 
ing alloy tank (300) being connected to receive the 
hydrogen gas from the hydrogen tank (100), and 
adapted to adsorb the received hydrogen gas in the 
hydrogen adsorbing alloy, and to discharge the hy- 
drogen gas from the hydrogen adsorbing alloy to 
the fuel cell (200); 

a heat exchange unit (58, 60) connected and 
adapted to circulate a heat exchange medium to the 
fuel cell (200) and the hydrogen adsorbing alloy 

tween the fuel cell (200) and the hydrogen adsort>- 
ing alloy tank (300); 

a first passage (50) connecting the hydrogen 
tank (100) and the fuel cell (200), so as to allow hy- 
drogen gas from the hydrogen tank ( 1 GO) to flow into 
the fuel cell (200); 

a second passage (54) branching from the 
first passage (50) and connecting the first passage 
(50) and the hydrogen adsorbing alloy tank (300); 
and 



a control unit (400) adapted such that when a 
temperature of the fuel ceil (200) is equal to or lower 
than a first reference temperature (T1), the control 
unit (400) heats the fuel cell (200) by supplying the 
hydrogen gas from the hydrogen tank (100) to the 
hydrogen adsorbing alloy tank (300) through the 
first passage (50) and the second passage (54) so 
that the hydrogen gas is adsorbed in the hydrogen 
adsorbing alloy tank (300) with generation of heat, 
and transmitting the generated heat to the fuel cell 
(200) by the heat exchange medium in the heat ex- 
change unit (58, 60). 

15. A vehtele, comprising a fuel cell system comprising 
a hydrogen tank (100) and a fuel cell (200) connect- 
ed and adapted to receive hydrogen gas and gen- 
erat e electrk; pow er, t he veh icl e characterized in 
that the fuel celTsystem furtiier comprises: 



a hydrogen adsorbing ailoy tank (300) having 
a hydrogen adsorbing ailoy, the hydrogen ad- 
sorbing alloy tank (300) being connected to re- 
ceives ttie hydrogen gas from the hydrogen 
tank (1 00), and being adapted to adsorb the re- 
ceived hydrogen gas in the hydrogen adsorbing 
alloy, and to discharge the hydrogen gas from 
the hydrogen adsorbing alloy to the fuel cell 
(200): 

a heat exchange unit (58. 60) connected and 
adapted to circulate a heat exchange medium 
to the fuel cell (200) and the hydrogen adsorb- 
ing alloy tank (300) and to cause heat exchange 
at least between the fuel cell (200) and the hy- 
drogen adsorbing alloy tank (300); and 
a control unit (400) adapted such that when a 
temperature of the fuel cell (200) is higher than 
a first reference temperature (T1) and equal to 
or lower than a second reference temperature 
(T2), the control unit (400) allows the fuel cell 
(200) to use the hydrogen gas for power gen- 
eration by supplying the hydrogen gas from the 
hydrogen tank (100) to the fuel cell (200), and 
heats the fuel cell (200) by supplying the hydro- 
gen gas from the hydrogen tank (100) to the 
hydrogen adsorbing alloy tank (300) so that the 
hydrogen gas is adsorbed in the hydrogen ad- 
sorbing alloy tank (300) with generation of heat, 
and transmitting the generated heat to the fuel 
cell (200) by the heat exchange medium. 

16. A vehicle, comprising a fuel cell system comprising 
a hydrogen tank (1 00) and a fuel ceil (200) connect- 
ed and adapted to receive hydrogen gas and gen- 
erate electric power, the vehicle characterized in 
that the fuel cell system comprises: 

a hydrogen adsorbing alloy tank (300) having 
a hydrogen adsorbing alloy, the hydrogen ad- 
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sorbing alloy tank <300) being connected to re- 
ceive the hydrogen gas from the hydrogen tank 
(1 00), adsorb the received hydrogen gas in the 
hydrogen adsorbing alloy, and discharge the 
hydrogen gas fronn the hydrogen adsorbing al- s 
loy to the fuel cell<200); 
a heat exchange unit (58, 60) connected and 
adapted to circulate a heat exchange medium 
to the fuel cell (200) and the hydrogen adsorb- 
ing alloy tank (300) and to cause heat exchange io 
at least between the fuel cell (200) and the hy- 
drogen adsorbing alloy tank (300); and 
a control unit (400) adapted such that w/hen the 
temperature of the fuel cell (200) is higher than 
a fourth reference temperature (T4) , the control is 
unit (400) allows the fuel cell (200) to use the 

hydrogen gas for power generation by transmit — 

ting heat generated by the fuel cell (200) to the 
hydrogen adsorbing alloy tank (300) by the heat 
exchange medium so that the hydrogen ad- 20 
sorbing alloy tank (300) discharges the hydro- 
gen gas white absorbing the transmitted heat, 
and supplying the discharged hydrogen gas to 
the fuel cell (200). 

25 

17. A method of controlling a fuel cell system including 
a hydrogen tank (100) for storing hydrogen gas, a 
fuel cell (200) for receiving the hydrogen gas and 
generating power, and a hydrogen adsorbing alloy 
tank (300) for receiving and storing the hydrogen 
gas, the method characterized by comprising the 
step (S1 04. SI 06) of: 

when a temperature of the fuel cell (200) is 
equal to or lower than a first reference temper- 
ature (T1), heating the fuel cell (200) by 
supplying the hydrogen gas from the hydrogen 
tank (1 00) to the hydrogen adsorbing alloy tank 
(300) so that the hydrogen gas is adsorbed in 
the hydrogen adsorbing alloy tank (300) with 
generation of heat, and 
transmitting the generated heat to the fuel cell 
(200) by a heat exchange medium. 

18. The method according to claim 17, characterized 
by further comprising the step (8104, S1 08, S110) 
of: 

when the temperature of the fuel cell (200) is 
higherthan the first reference temperature (T1) 
and equal to or lower than a second reference 
temperature (T2), 

allowing the fuel cell (200) to use the hydrogen 
gas for power generation by supplying the hy- 
drogen gas from the hydrogen tank (100) to the 
fuel cell (200), and 

heating the fuel cell (200) by supplying the hy- 
drogen gas from the hydrogen tank (1 00) to the 



hydrogen adsorbing alloy tank (300) so that the 
hydrogen gas is adsorbed in the hydrogen ad- 
sorbing alloy tank (300) with generation of heat, 
and transmitting the generated heat to the fuel 
cell (200) by the heat exchange medium. 

19. The method according to claim 17 or 18. charac- 
terized by furthercomprising the step (S204. S206) 
of: 

when the temperature of the fuel cell (200) is 
higher than a third reference temperature (T3) 
that is higher than the first reference tempera- 
ture fT1), allowing the fuel cell (200) to use the 
hydrogen gas for power generation by 
transmitting heat generated by the fuel cell 

(300) by the heat exchange medium so that the 
hydrogen adsorbing alloy lank (300) discharg- 
es the hydrogen gas adsorbed therein, and 
supplying the discharged hydrogen gas to the 
fuel cell (200). 

20. A method of controlling a fuel cell system including 
a hydrogen tank for storing hydrogen gas, afuel cell 
for receiving the hydrogen gas and generating pow- 
er, and a hydrogen adsorbing alloy tank for receiv- 
ing and storing the hydrogen gas. comprising the 
step (S304, S306) of: 



when the temperature of the fuel cell (200) is 
higher than a fourth reference temperature 
(T4). 

allowing the fuel cell (200) to use the hydrogen 
35 gas for power generation by transmitting heat 

generated by the fuel cell (200) to the hydrogen 
adsorbing alloy tank <300) by the heat ex- 
change medium so that the hydrogen adsoris- 
ing alloy tank (300) discharges the hydrogen 
40 gas while absortaing the transmitted heat, and 

supplying the discharged hydrogen gas to the 
fuel cell (200). 
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AND OPEN SHUT VALVE 18 
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26 TO THIRD MODE 
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-OPEN SHUT VALVES 16. 18 
■OPEN REGULATING VALVE 
24 AND SET BYPASS VALVE 

26 TO THIRD MODE 
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■CLOSE SHUT VALVE 18 
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•CLOSE REGULATING VALVE 
24 AND SET BYPASS VALVE 
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24 AND SET BYPASS VALVE 
26 TO THIRD MODE 



S208 




YES 



S2 1 O » ^ CONTROL REGULATING VALVE 24 1 



S212 




S214 



S216- 



-CLOSE SHUT VALVE 18 
AND OPEN SHUT VALVE 10 
•CLOSE REGULATING VALVE 
24 AND SET BYPASS VALVE 
26 TO FIRST OR SECOND MODE 
RESET STORAGE FLAG 



C END ) 



Best Available Copy 



EP 1 291 949 A2 



FI G. 4 




•CLOSE SHUT VALVE 10 
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